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OF150

OPERATORS SAFETY SUMMARY

The general safety information in this part of the summary is
for both operating and servicing personnel. Specific
warnings and cautions will be found throughout the manual
where they apply, but may not appear in this summary.

TERMS

In This Manuai

CAUTION statements identify conditions or practices that
could result in damage to the equipment or other property.

WARNING statements identify conditions or practices that
could result in personal injury or loss of life.

As Marked on Equipment

CAUTION indicates a personal injury hazard not immediate-
ly accessible as one reads the marking, or a hazard to prop-
erty including the equipment itself.

DANGER indicates a personal injury hazard immediately ac-
cessible as one reads the marking.

SYMBOLS

In This Manual

A\

As Marked on Equipment

This symbol indicates where applicable cau-
tionary or other information is to be found.

; DANGER—High voltage.

S

A ATTENTION—refer to manual.

Protective ground (earth) terminal.

Power Source

This product is intended to operate from a power source
that will not apply more than 250 volts rms between the
supply conductors or between either supply conductor and
ground. A protective ground connection by way of the
grounding conductor in the power cord is essential for safe
operation.

Grounding the Product

This product is grounded through the grounding conductor
of the power cord. To avoid electrical shock, plug the power
cord into a properly wired receptacle before connecting to
the product input or output terminals. A protective ground
connection by way of the grounding conductor in the power
cord is essential for safe operation.

Danger Arising From Loss of Ground

Upon loss of the protective-ground connection, all accessi-
ble conductive parts (including knobs and controls that may
appear to be insulating) can render an electric shock.

Use the Proper Power Cord

Use only the power cord and connector specified for your
product.

Use only a power cord that is in good condition.

Refer cord and connector changes to qualified service
personnel.

Use the Proper Fuse

To avoid fire hazard, use only the fuse of correct type, volt-
age rating and current rating as specified in the parts list for
your product.

Refer fuse replacement to qualified service personnel.

Do Not Operate in Explosive Atmospheres

To avoid explosion, do not operate this product in an explo-
sive atmosphere unless it has been specifically certified for
such operation.
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Do Not Remove Covers or Panels

To avoid personal injury, do not remove the product covers
or panels. Do not operate the product without the covers
and panels properly installed.

vi

Optical Output

Avoid eye exposure to the output of open-ended fibers by
covering the end, or directing the output at a non-reflective
surface. Do not attempt to defeat the interlock on the OPTI-
CAL OUTPUT connector.
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SERVICE SAFETY SUMMARY
FOR QUALIFIED SERVICE PERSONNEL ONLY

Refer also to the preceding Operators Safety Summary.

Do Not Service Alone

Do not perform internal service or adjustment of this prod-
uct unless another person capable of rendering first aid and
resuscitation is present.

Use Care When Servicing With Power On

Dangerous voltages exist at several points in this product.
To avoid personal injury, do not touch exposed connections
and components while power is on.

Disconnect power before removing protective panels, sol-
dering, or replacing components.

Power Source

This product is intended to operate from a power source
that will not apply more than 250 volts rms between the
supply conductors or between either supply conductor and
ground. A protective ground connection by way of the
grounding conductor in the power cord is essential for safe
operation.

vii
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Section 1—0F 150

GENERAL INFORMATION AND
SPECIFICATION

GENERAL INFORMATION
Product Description

The TEKTRONIX OF150 Time Domain Reflectometer is
an optical fiber tester that is capable of measuring ioss char-
acteristics, and detecting and locating faults in multimode
fibers.

The OF150 applies a pulse of energy to the fiber to be
tested via the OPTICAL OUTPUT connector. When the
pulse is traveling through the fiber, some energy is reflected
to the OF150. These reflections are processed, and dis-
played on the cathode ray tube (crt), where distance and
loss measurements can be made using a marker technique.

The crt display is a time-plot that is read from left to right.
When viewing a typical fiber display, the reflections appear
to the right (later in time). The trace starts with the outgoing
pulse, and the time difference is converted to distance in the
measurement process.

The horizontal crt scale is calibrated in distance units
from 10 meters to 20,000 meters in a 1-2-5 sequence. Dis-
tance is read out on the liquid crystal display (lcd).

Loss measurements are made on the vertical crt scale.
These measurements can be displayed in 2 dB or 10 dB per
division. The lcd displays loss when the LOSS READOUT
MODE has been selected.

The OF150 display is digitally stored. The waveform on
the screen changes only when a new “sweep” is started.

Two outgoing pulses can be selected: LONG PULSE or
SHORT PULSE (for better resolution in some
measurements).

The FILTERs use signal averaging to reduce measure-
ment noise.

The OF150 has a chart recorder that is useful for
documenting fiber conditions.

This instrument may be operated from an ac power
source, or a 12 V battery.

An interlock feature prevents any optical output until a
fiber is connected to the instrument.

The OPTICAL OUTPUT connector is configured for
quick replacement of its lens assembly by the operator,
when deterioration occurs due to contamination or exten-
sive use.

Accessories

The OF150 is shipped with these Standard Accessories:
1 Instruction Manual

Operator's Handbook

AC Power Cord

Battery Power Cord

Roll of Chart Recorder Paper

Optical Fiber Interface Cable, 1 meter long, Deutsch
connector on one end, protective cover on the other
end

1 Interlock Contact Ring

1 Replacement Lens Assembly

—t b b ok b

With the exception of the power cords and the Instruc-
tion Manual, these items are stored in the OF150 cover.

For part numbers on these accessories, refer to the Me-
chanical Parts List, Section 9 of this manual.

Battery Pack

The OF150 may be operated from a 12 V battery, using
the Battery Power Cord. A car battery, or a portabie battery
pack may be used. Portable batteries manufactured by
Elpower Corporation of Santa Ana, California or Globe
Union, Inc. of Milwaukee, Wisconsin will supply the user
with several hours of operating time.

Standards, Documents, and References Used

Terminology used in the manual is in accordance with
industry practice. Abbreviations are in accordance with

1-1
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ANSII Y1.1-1972, with exceptions and additions explained
in parentheses after the abbreviation. Graphic symbology is
based on ANSI Y32.2-1975. Logic symbology is based on
ANSI Y32.14-1973 and the manufacturer's data books or
sheets. A copy of ANSI standards may be obtained from the
Institute of Electrical and Electronic Engineers, 345 47th
Street, New York, NY 10017.

Change and History Information

Change information that involves manual corrections
and/or additional data is located at the back of the manual in
the CHANGE INFORMATION section.

History information with the updated data is integrated
into the text or diagrams when a page or diagram is
updated.

SPECIFICATION

Table 1-1 lists the electrical characteristics and features
that apply to the OF150 after a 15 minute warmup.

The Performance Requirement column describes the lim-
its of the characteristic, and the Supplemental column de-
scribes features and typical values or information that may
be helpful to the user. Procedures to verify the performance
requirements are provided in the Calibration section of the
Service Instructions. The Performance Check procedures
require sophisticated equipment as well as technical exper-
tise to perform.

The Operating Instructions contain a procedure that
checks all functions of the OF150. This check is recom-
mended for incoming inspections to verify that the instru-
ment is performing properly.

Table 1-1
ELECTRICAL CHARACTERISTICS

Characteristic { Performance Requirement Supplemental Information

HORIZONTAL DISPLAY

Distance scales

1 meter/div to 1000 meters/div

Distance range

—5 meters to 19.9 kilometers
from front-panel connector

On-screen distance calibration

4 .88 ns/meter

“Zero” distance reference + 0.5 meters on screen

—10 dB point on leading
edge of outgoing pulse

Number of stored waveform points

500

VERTICAL DISPLAY

NOTE

When making dB measurements using the MARKER and READOUT MODE LOSS, the dBs indicated should be
multiplied by 2. (READOUT MODE LOSS indicates only one-way fiber loss)

Vertical scales

10 dB/div and 2 dB/div (10
divisions)

dB Scale accuracy +0.5 dB over any 10 dB increment from +20dB | measurements are made with

range

to +70 dB, relative to the bottom of the display the Marker

Incremental dB scaie

typical =.05 dB over any 1dB

accuracy increment, from +10 dB to
+70 dB, relative to bottom of
display range

1-2
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Table 1-1 (cont.)

Characteristic

D,

Performance Requirement

Supplemental information

SIGNAL AND MEASUREMENT CHARACTERISTICS

ASystem pulse rate (sampling
rate)

4.762 kHz, +5Hz

f Sweep time

0.15 seconds (FAST)
3.15 seconds (MEDIUM)
55 seconds (SLOW)

é Optical output amplitude

=25 uW

time-average power coupled into
test fiber (50 n core, 0.20 NA)
(LONG PULSE mode)

Absolute maximum optical out-

put amplitude

Optical pulse amplitude stability

< 0.4 dB drift over the duration of a SLOW sweep

200 uW time-average power

AOptical output wavelength

820 nm typical

NOTE

The four displayed-pulse characteristics are measured with a connector plug without fiber on the OPTICAL OUT-
PUT of the instrument (required to activate the interlock).

A Displayed noise on the incident
" pulse

< +1.0 dB peak (FAST FILTER)

Displayed pulse width
LONG PULSE

5.5 meters, = 1 meter

measured at —10 dB from peak
amplitude point

SHORT PULSE

1.5 meters, + 0.3 meter

measured at —10 dB from peak
amplitude point

Displayed pulse risetime

<0.7 m from —20 dB point to —6 dB point

signal levels referenced to peak
amplitude of pulse

Displayed pulse falltime

=6 m from trailing pulse corner to the 460 dB
point

<500 m from trailing pulse corner to the +30 dB
point

=2 km from trailing pulse corner to the +15 dB
point

all dB levels are referenced to
the bottom of the display range;
DISTANCE CAL control set to
4.900.

Measured in LONG PULSE

Displayed RMS noise floor

+1.8 divisions, =+ 0.4 divisions from bottom of
display range

FAST FILTER
10 dB/div scale

Decrease in RMS noise floor
through filtering

7.5 dB (MEDIUM FILTERY);
15 dB (SLOW FILTER)

Optical input sensitivity

D

=0.40 gW input for 30 dB above displayed RMS
noise floor

input from 50 u core, 0.20 NA
graded index fiber. NOTE: input
test signal must be synchronized
with instrument sampling

®
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Table 1-1 (cont.)

i

Characteristic

Performance Requirement

O

Supplemental information

ot
SIGNAL AND MEASUREMENT CHARACTERISTICS

Dynamic range between peak 105 dB typical o
optical output pulse and RMS noise
floor (SLOW FILTER)
Maximum round trip fiber loss for 43 dB typical .
+0.1 dB scattering signal
measurements

ot

NUMERIC READOUT

Distance measurements

Readout range

0 to 19.9 kilometers

Readout resolution

1 meter

DISTANCE CAL factor range

4.8 to 5.0 ns/m

DISTANCE CAL factor
accuracy

within 0.01 ns/m of panel indication at center of
scale (4.900); within 0.02 ns/m of panel indication
at scale end points

- -

Distance measurement
accuracy

+0.3% (instrument timing inac-

curacy and DISTANCE CAL fac- \/
tor indication error), +

uncertainty in fiber cal factor

Loss measurements

Readout range

—25.0dB to +25.0dB (one
way fiber loss) from center refer-
ence point

. -

Readout resolution

0.1 dB (2 dB/div scale)
0.5 dB (10 dB/div scale)

—

CHART RECORDER

These specifications are met only when Chart Recorders part numbered 016-0506-05 and up are in place.

NOTE

Chart dimensions corresponding to
the full crt graticule area

4 cm by 12.5 cm

Chart running time

16 seconds

Chart distance scale linearity
(correspondence to crt graticule)

+0.2 major division match at any point

— =

Chart vertical scale linearity
(correspondence to crt graticule)

+5% of deflection from center, +0.3 major
division

after setting Stylus Position
adjustment

®
.
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General Information and Specification—OF 150

Table 1-1 (cont.)

Characteristic

Performance Requirement

Supplemental information

OPERATIONAL CHARACTERISTICS

Power requirements

AC operation

90-132 V or 180-250 V,
45-440 Hz; 24 W nominal
(55 W max)

DC operation

10-16 V, 20 W nominal
(33 W max)

Laser product safety classification
under Radiation control for Health
and Safety Act of 1968

Class |

Optical output connector
interlock

optical output prevented when interlock is open
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Table 1-2

ENVIRONMENTAL CHARACTERISTICS

Characteristic

Description

Temperature
Operating

—15°C to +55°C

Non-operating

—62°C to +85°C

Humidity 95% (+5%, —0%)
Altitude
Operating 4,600 meters

Non-operating

12,000 meters

Vibration

5 to 55 Hz, 3 g maximum

Shock, operating and
non-operating

30g

Bench handling

10 cm topple, or 45° topple, or point of balance

Transit drop

30 cm

Water resistance

drip-proof with front cover on

Fungus inert

materials used are fungus inert

Electromagnetic compatibility
Conducted emissions

within limits described in MIL-STD-461
test methods CE-01 and CE-03

Conducted susceptibility

test methods CS-01, CS-02, CS-06

Radiated emission

test methods RE-02, and (T)RE-04

Radiated susceptibility

test methods RS-01, and RS-03

Package transit vibration

Tektronix Standard 062-2858-00, paragraph 9.1

Package drop

Tektronix Standard 062-2858-00, paragraph 9.2

Electrostatic discharge

Tektronix Standard 062-2862-00

This instrument meets the specifications of MIL-T-28800B, Type IlI, Class 3, Style C, with the exception of the Radiated

Emission specification RE-01.

Table 1-3
PHYSICAL CHARACTERISTICS

Characteristic

Description

Weight

including Standard Accessories, except Instruction Manual: 16.6 kg (37 Ibs)

Dimensions
without front cover,
handle or feet

17.5 X 32.69 X 49.91 ¢cm (7.0 X 13.07 X 19.96 inches),

with front cover,
feet and handle

23.2 X 38.22 X 58.6 cm handle folded over instrument, (73.2 cm handie

fully extended);

9.28 X 15.28 X 23.44 inches handle folded over instrument (29.28 inches handle

fully extended)

1-6
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Section 2—OF 150

INSTALLATION AND REPACKAGING

Unpacking and Initial Inspection

Before unpacking the OF150 from its shipping container
or carton, inspect for signs of external damage. If the carton
is damaged, notify the carrier. The shipping carton contains
the basic instrument and its standard accessories. Refer to
the Replaceable Mechanical Parts list at the back of this
manual for a complete listing.

If the contents of the shipping container are incomplete, if
there is mechanical damage or defect, or if the instrument
does not meet operational check requirements, contact your
local Tektronix Field Office or representative. If the shipping
container is damaged, notify the carrier as well as Tektronix,
Inc.

The instrument was inspected both mechanically and
electrically before shipment. If should be free of mechanical
damage and meet or exceed all electrical specifications.
Procedures to check functional or operational performance
are in the Operating Instructions. This check should satisfy
the requirements for most receiving or incoming inspections.
The electrical performance check procedure is part of the
Service Instructions.

TAN

The light source used to produce the optical pulses
that are applied to the fiber to be tested, is a laser
diode. To avoid exposure to this invisible light, it is
important that directions in this manual be followed.

Preparation for Use

The front cover for the OF150 provides a dust-tight seal.
Use the cover to protect the front panel when storing or
transporting the instrument. The cover is also used to store
accessories. The cover is removed by pulling out on the two
release latches. The door to the accessories compartment is
unlatched by pressing the latch to the side and lifting the
cover.

The handle of the OF150 can be positioned at several
angles to serve as a tilt stand, or it can be positioned at the
top rear of the instrument between the feet and the rear
panel so OF150 instruments can be stacked. To position the
handle, press in at both pivot points and rotate the handle to
the desired position.

®

Power Source and Power Requirements

The OF150 is intended to be operated from a power
source that will not apply more than 250 V rms between the
supply conductors or between either supply conductor and
ground. A protective ground connection by way of the
grounding conductor in the power cord is essential for safe
operation.

The ac power connector is a three-wide polarized plug
with the ground (earth) lead connected directly to the instru-
ment frame to provide electrical shock protection. if the unit
is connected to any other power source, the unit frame must
be connected to an earth ground.

Power and voltage requirements are printed on the back
panel. The OF150 can be operated from either 115 V ac or
230 V ac nominal line voltage, at 48 to 440 Hz; ora 12 V dc

supply.

Power-source selection can be made with switches on
the OF150 back panel. When operating at an ac voltage,
selection of a HI or LO range within the specified voltage
range may be made.

For ac operation, set the range and the HI-LO switches
to correspond to the available line voltage as follows:

115 LO: 90-110 V ac
115 HI: 108-132 V ac
230 LO: 180-220 V ac
230 HI: 216-250 V ac

When changing from 115 V ac to 230 V ac, make sure a
fuse of the correct rating is in place.

Repackaging for Shipment

When the OF150 is to be shipped to a Tektronix Service
Center for service or repair, attach a tag showing: owner
and address, name of individual at your firm that can be
contacted, complete serial number, and a description of the
service required. If the original packaging is unfit for use or
not available, repackage the instrument as follows:

1. Obtain a carton of corrugated cardboard having inside
dimensions that are at least six inches more than the equip-



Installation and Repackaging—OF 150

ment dimensions, to allow for cushioning. Shipping carton
test strength should be 275 pounds (102.5 kg).

2. Install the front cover on the OF150 and surround the
instrument with polyethylene sheeting to protect the finish.

3. Cushion the instrument on all sides with packing ma-
terial or urethane foam between the carton and the sides of
the instrument.

2-2

4. Seal with shipping tape or industrial stapler.

If you have any questions, contact your local Tektronix v
Field Office or representative.
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Section 3—OF 150

OPERATING INSTRUCTIONS

The OF150 has been classified as a Class | Laser
Product under the Radiation Control for the Health
and Safety Act of 1968. It is important that the infor-
mation in this manual for setting up and operating the
instrument be followed.

Do not attempt to defeat the interlock on the OPTI-
CAL OUTPUT connector. Avoid eye exposure to the
output of open-ended fibers by covering the end, or
directing the output at a non-reflective surface.

USING THE OF150

Fiber Connector

The OF150 uses a high performance fiber connector
manufactured by the Deutsch Company of Los Angeles,
California. The connector consists of two parts: a fluid-filled
lens assembly labeled OPTICAL OUTPUT on the instru-
ment, and a connector plug that holds the fiber.

It is important to keep the OPTICAL OUTPUT con-
nector, and the connector plug, clean at all times.
Dust and dirt will affect the optical output power. The
connector should be capped when not in use.

The lens assembly is fluid filled to facilitate the connec-
tion between the fiber being tested and the fiber in the
OF150. This fluid is subject to deterioration due to contami-
nation from dirt, and wear from different fibers being con-
nected. Consequently, the lens assembly needs to be
replaced periodically, as part of general instrument mainte-
nance. This procedure can be performed in the field. Infor-
mation and instructions on lens assembly replacement are
provided in this section of the manual under the heading
Replacement of the Lens Assembly.

Instructions on instaliing a fiber in the connector plug,
and tools necessary for this operation, are available from
the Deutsch Company.

Connecting a Fiber to the OF150

Fibers to be tested may be connected to the OF150 in
two ways: directly by using a mating Deutsch connector
plug, or indirectly via the Optical Interface Cable, which is
supplied with the instrument as a standard accessory.

The direct method is recommended whenever practical,
especially when testing bare (uncabled) fibers.

The Optical Fiber interface Cable can be outfitted with
any desired connector or splicing scheme at its free end, to
form an adapter cable. This introduces loss (from the extra
connector), but facilitates working with pre-terminated
fibers.

The OF150 connector is designed to accept 125 u (out-
side diameter) fibers. If one desires to connect a different
size fiber to the instrument, the Interface Cable must be
used.

Before plugging a fiber onto the instrument, the Interlock
Contact Ring (which is supplied as a standard accessory)
must be installed on the Deutsch connector plug. Push the
ring over the plug so that its metal ring will make contact
with the two pins on the OPTICAL OUTPUT connector. Do
not touch the end of the connector plug in order to not dam-
age the fiber.

To mate the connector plug to the OPTICAL OUTPUT
connector, align the tab on the plug to the notch in the con-
nector. Push in the plug while turning the Interlock Contact
Ring clockwise until it is snug.

A\

No optical output is emitted from the OPTICAL OUT-
PUT connector unless the Interlock Contact Ring on
the connector plug is in place. To avoid exposure to
the infrared light generated by the instrument, DO
NOT attempt to defeat this interfock.

3-1



Operational Instructions—OF 150

Setting up the Fiber Display

After connecting a fiber to the OPTICAL OUTPUT con-
nector, set the VERTICAL SCALE to 10 dB/DIV, PULSE to
LONG, and FILTER to MEDIUM. Push READOUT MODE
DIST. Increase the DIST/DIV setting and move the
<IPPOSITION control counterclockwise so the entire fiber is
shown on the crt. Set the bottom of the noise to the bottom
of the screen with the & POSITION control. These settings
are a good starting point for an initial view of the fiber.

Figure 3-1 shows a sample display. The outgoing pulse is
shown at the left side of the screen, followed by a gradually
down-sloping trace called the backscattering signal. The
backscattering signal is a weak reflection that occurs as the
energy of the outgoing puise travels down the fiber. The
further the energy travels, the weaker the reflections. At the
end of the fiber, a pulse appears.

The height of the pulse showing a break is dependent on
the quality of the break, and is no indication of the amount
of loss in the fiber. Ragged breaks may not produce a pulse
at all, but will show up only as a drop in the backscattering
signal.

A Closer View of a Discontinuity

To see a close-up of a particular point in the fiber, set the
Marker near this point, and then decrease the DIST/DIV.

MEDIUM or SLOW FILTER may be used to decrease the
noise on the trace, and make the discontinuity stand out
more clearly.

Also, if the change in the fiber is a small drop in the
backscattering signal, the VERTICAL SCALE 2 dB/DIV may
be used for magnification.

In some instances PULSE SHORT will provide better
resolution in the back-scattering signal, though signal ampli-
tude will be less than when PULSE LONG is used.

Use the JD>POSITION control to move the display win-
dow along the fiber in one-division steps.

Measuring Distance

To measure the distance to a discontinuity, set the
READOUT MODE to DIST (METERS).

;
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Fig. 3-1. Fiber display.
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